Oxidative modification of nicotinamide nucleotide transhydrogenase in submitochondrial particles: effect of endogenous ubiquinol.
The present paper describes the sensitivity of the mitochondrial nicotinamide nucleotide transhydrogenase (EC 1.6.1.1) to oxidative modification, and the effects of endogenous ubiquinol on this modification. A comparison is made between the effects of treatment with ADP-Fe3+ and ascorbate and with peroxynitrite, using kinetic, electrophoretic, and immunological analyses, together with lipid peroxidation measurements. The transhydrogenase was inactivated by both types of oxidative modification, but apparently through different mechanisms. Ubiquinol protected the enzyme against inactivation only when the modification was caused by ADP-Fe3+ and ascorbate treatment. Kinetic measurements revealed a threefold increase of the Km value of the enzyme for NADPH after exposure to ADP-Fe3+ and ascorbate, and a twofold increase of the Km values for both NADH and NADPH after exposure to peroxynitrite. NAD(H) exerted a protection against trans-hydrogenase inactivation when added to the preincubation in the case of peroxynitrite, but neither NAD(H) or NADP(H) protected in the case of ADP-Fe3+ and ascorbate. Using immunoblotting it was shown that the enzyme became both aggregated and fragmented, although to different extents, depending on the oxidative system used. Again, ubiquinol prevented these effects only in the case of ADP-Fe3+ and ascorbate treatment. Furthermore, there occurred a striking decrease in the 66-kDa trypsin fragment after exposure of the enzyme to ADP-Fe3+ and ascorbate, and of the 48-kDa trypsin fragment after exposure to peroxynitrite. It is concluded that the mitochondrial nicotinamide nucleotide transhydrogenase is sensitive to oxidative stress and that the mechanism underlying this can vary according to the challenge to which the enzyme is exposed. Endogenous ubiquinol may play a role in protecting the enzyme against agents perturbing the lipid phase of the membrane.